Abstract. We describe a previously unreported behavior for water collection in juveniles of a neotropica1 viperid snake, Bothrops moojeni. When sprayed over, this snake displays a stereotyped coiling, bringing its body loops in elose contact with each other, so that water is retained between the loops and over the body surface. This water is continuously ingested during and after its collection. The functional significance of the water collecting behavior is suggested to be related with the acquisition of water from short rainfalls, and with the special elimatic and°g eologic conditions of B. moojeni habitaL Rates of evaporative water loss did not differ between juvenile and adult snakes, but since juveniles have a greater surface-to-volume ratio, they were significantly more sensitive to desiccation than the adults.
Introduction
One of the biggest chalIenges faced by animaIs living on Iand is the potential risk of dehydration (Dejours, 1988; Little, 1990) . According1y, in terrestrial animais, the acquisition and conservation of water are pivotal to the maintenance of an adequate osmotic equilibrium (Schmidt-NieIsen, 1979; Kirschner, 1991) . Reptiles have met these basic requirements of terrestriality very successfulIy, as evidenced by their impressive radiation in almost alI terrestrial habitats, inc1udingdeserts (Pianka, 1986; Zug, 1993; Pough et a1., 1998) . Occupation of water stressing habitats requires mechanisms for decreasing water loss and increasing water gain (Schmidt-NieIsen, 1979; Kirschner, 1991) . Mechanisms used to prevent excessive water loss, however, have received much more attention than those invoIvedwith the improvement of water acquisition (see Mautz, 1982; Minich, 1982; Lil1ywhite and Sanmartino, 1993) .
The water used by reptiIes may come from drinking, from water contained in foodstuffs, from absorption through the integument, and from oxidation (CIoudsIey-Thompson, 1971; Minnich, 1982) . The importance of such routes varies depending on the species considered and environmental contingencies, but in most species drinking appears to be an especially important avenue for water influx since the scaly keratinized reptilian skin largely prevents water flux (Minich, 1982; Zug, 1993) . Drinking, however, is not always possible because water availability may be temporaly and/or spatially restricted. Under such conditions,°d rinking may involve specialized morphology and behavior aimed to improve water collection and ingestion (e.g., Bentley and BIummer, 1962; Lasiewski and Bartholomew, 1969; Medica et aI., 1980; Ashton and Johnson, 1998) . Herein, we report on an unusual water collecting behavior displayed by juvenile Bothrops moojeni Hoge, 1966 when sprayed with water. We further correlate the occurrence of such behavior with the hydration state of the snakes and with a possible induction of water search. Finally, we compare rates of evaporative water loss (EWL) in juvenile and adult B. moojeni to determine whether vulnerability to desiccation varies ontogenetically in this species.
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Material and methods

Animais.
Most observations were made on juvenile snakes (SVL :::; 450 mm) bom in captivity from females collected at the municipalities of Araçatuba (21°38'S; 50025'W) and Pereira Barreto (20038'S; 51°06'W), São Paulo state, southeastem Brazil. AduIt snakes collected at the municipality of Rio aaro (22°23'S; 4~32'W) also in São PáUlo state, southeastem Brazil, were used in the EWL experiments. The animais were maintained individually (subaduIt and aduIt snakes) or in groups Guveniles) in wood cages (27 x 41 x 35 em) covered with cardboard and provided with a sliding gIass doar and holes for ventilation. Temperature of maintenance, as well as during experiments, was kept constant at 30:1::2°C. Snakes were fed mice every other week and had free access to water during the time before the experiments, except when otherwise noted. By the time of the experiments, the snakes appeared to be used to the experimenter and displayed no signs of disturbance at human presence. For ali experiments we fasted the snakes for two weeks before experimentation and animais involved with skin molt were not used.
Behavioralobservations.
For behavioral observations, the snakes were placed in individual cages (described above) and left without water for a week before experimentation. We then gently removed the front gIass cover of the cage and, using a manual plant mister, sprinkled droplets of water ali over the snake's body. At each triaI, we sprayed water over the snakes uninterruptedly for 10-20 seconds. AlI behavioral responses of the snakes, during and following water spray, were recorded. Some sequences were documented photographically and others were video-recorded. These video-recorded sequences were later analyzed frarne-by-frame to capture postura! details.
To test the influence of hydration state on water collecting behavior, we compared its frequency of its occurrence in individual juvenile B. moojeni with free access to water until experimentation as opposed to individuais that were prevented from drinking for two weeks before being sprayed with water. The protocol utilized in this set of experiments was the same as described above.
We finally investigated whether water collecting behavior could provoke a water-induced chemosensory search analogous to the strike-induced chemosensory search reported for some snake species (see Ford and Burghardt, 1993) . For this purpose, we applied the protocol described above, but immediately after the snm had been sprayed with water we introduced a plastic opaque water bowl (9 x 7 x 4 em) within the cage, as far as possible from where the snake was. Then, we monitored the snake's behavior for two hours. We recorded the time lag to find the water bowl and drinking behavior (if it occurred), tongue-flick frequency, and the overall movement of the snake within the cage. AlI these variables were later compared with a control group. This control group received the same treatment as the experimental group, but was not sprinkled with water (the plant mister was used empty). For baseline purpose, ali individual snakes had their tongue-flick frequency recorded during the 20 minutes preceding experimentation. The one minute tongue-flick rates were averaged to give a grand mean for each individual snake.
Evaporative water loss. Evaporative water loss rates were measured indirectly through change in body mass (see Shoemaker et ai., 1992) in adult and juvenile snakes subjected to a desiccating environment for five consecutive hours. The snakes were weighed (to the nearest 0.001 g) and confined singly in hermetically cIosed plastic chambers (2-5 liters) inside a temperature controlled cabinet (at 25 :I: 1°C). To promote quiescence, the animais were left undisturbed in this condition for two hours. Thereafter, we began to ventilate the chamber with dry air using an air pump (Ametek RI; Sub-Sampler 1.0, Sable Systems) connected to the chamber by plastic tubes. The flow rate of the pump was adjusted to renew 44% of the chamber air volume every minute. Water vapor of the incurrent airflow was removed by passage through a tube fiUed with silica gel. At the end of the experiment the snakes were re-weighed, anesthetized with C02 (see Wang et ai., 1993) , measured and sexed. If the animal did not void during the time of the experiment, we assumed that ali change in body mass were due to EWL. We express EWL as a percentage ofbody mass lost in an hour, and in mg.cm 2.hr 1 that represents the rate of EWL per unit area of skin. Snake surface area was estimated from body mass foUowing the exponential equation provided by Gans et ai. (1968) .
Data analysis.
All means are presented with their respective standard deviations. Differences between the probability of a given snake to perform the water coUecting behavior and its hydration state were evaluated by the Fisher Exact Test. This same test was aIso employed to identify a possible difference between the probability of a given snake finding water and the occurrence, or no!, of the water collecting behavior. EWL rates were compared between juvenile and adult snakes by Student's f-test. The difference between tongue-flick frequency in snakes that coUected water with their bodies and those that did no!, were aIso evaluated employing Student's f-test. 10 those cases in which data variation compromised the premises of normality and homoscedasticity of the f-teS!, we employed the Mann-Whitney Sum test. All statistical analyses foUowed Sokal and Rolf's (1986) procedures. Differences were considered significant at P~0.05.
Results
Water collecting behavior
During water collection, the snake resting on ground begins to coil immediately after the initiation of water sprinkling. The coiling begins headfirst and progresses in an anteroposterior direction, with the head always tumed to the center of the coil and kept in tight contact with the body (fig. 1 ). Body loops are brought together in close contact with each other, so water is retained between them. Moreover, water droplets may also adhere to the snake's body surface. Such water is continuously ingested during water collection ( fig. 2a ) with the head moving in an orientation contrary to scales overlap. The water collecting behavior lasts from 10 to 30 seconds, but following it, the snake continues to ingest the water collected, for as long as 2-5 niinutes. During this phase, the snake begins to loosen the body coils and pass its lips slowly over their entire body (see figo2b) -short movements of the mouth can be perceived at this stage. IndividuaIs of B. moojeni involved in the water collecting behavior never displayed aggressive/defensive behaviors, the head was never elevated over the body facing the experimenter, and the snakes did not try to strike, even when disturbed by a finger touch.
Following water collection, B. moojeni may initiate an exploratory behavior that ultimately can lead to water discovery.Snakes that collected water using the body presented a significantly higher tongue-flick frequency (8.13:f: 7.91; n = 9) than those that did not (0.15 :f: 0.29; n = 8) (P = 0.002). Tongue-flick rate was also higher than baseline values .. . (0.053 :!: 0.23; n = 19) in snakes dispIaying the water collecting behavior (P < 0.001), but this was not the case for the controI group (P = 0.23).
Snakes that collected water using the body had a success rate in finding water (36.8% of cases, n = 19) not different from individuaIs that had not engaged in this behavior (33.3% of cases, n = 9) (P > 0.9). SimilarIy, no significant difference was found between the time needed to find water between snakes that dispIayed (51.3:!: 33.4 min; n = 7) or did not dispIay (6.3:!:: 11 min; n = 3) the water collecting behavior (P = 0.25).
Dehydrated snakes showed a greater propensity to dispIay the water collecting behavior (80.8% of cases, n = 26) than well hydrated individuaIs (16.6% of cases, n = 24) (P < 0.0001). IndividuaIs Iarger than 600 mm SVL were never observed performing the characteristic coiling associated with water collection. However, following spraying they promptIy ingested any water dropIets that adhered to their body surface. 
Evaporative water loss
EWL rates were measured in three juvenile snakes (body mass = 10.6::1:3.7 g) and in four adults (body mass = 495.8::1: 242.1 g). Water loss for adults, as a percentage of body mass (0.049 ::I:0.013%), was significantly lower (P = 0.012) than that of juveniles (0.19::1:0.75%). On the other hand, no difference was found for EWL rate per unit area (P = 0.93) between adult (0.18::1:0.015 mgH20.cm 2.hr 1) and juvenile (0.18::1:0.055 mgH20.cm 2.hr 1)snakes.
Discussion
The use of specialized morphology and/or behavior for water colIection and ingestion inc1udesexamples with lizards (Bentley and Blummer, 1962; Lasiewski and Bartholomew, 1969; Louw and Holm, 1972; Gans et a1., 1982; Schwenk and Greene, 1987) , snakes (Lou\v, 1972; Greene, 1986; .Ashton and Johnson, 1998) , and tortoises (Auffenberg, 1963; Medica et a1., 1980) . In snakes, alI these examples refers to the ability of drinking from the skin displayed by some viperids (Louw, 1972; Greene, 1986; Ashton and Johnson, 1998) . Nevertheless, to our knowledge, the stereotyped coiling used to colIect water herein described for B. moojeni has never been reported before, and this may reflect the unlikelihood of recognizing a behavioral act not familiar to humans, and that is brief and sporadic rather than its absence in other snake species.
Bothrops moojeni occurs in Central/Southwestern Brazil, occupying habitats covered with semi-arid (or seasonally dry) tropical savannahs (CampbelI and Lamar, 1989) . RainfalI in this region is not equalIy distributed over the year, and a welI defined dry season lasts about 4-5 months (Ferri, 1980; Radambrasil, 1981) . During this season, rainfall occurs sporadicalIy, for example in only 15 days out of 153 (Goodland and Ferri, 1979) , and air humidity often falIs below 50% (Radambrasil, 1981) . The soil of much of B. moojeni's geographic range has a superficial sandy layer, welI drained and permeable, through which rainwater rapidly percolates and where water pools rarely form (Goodland and Ferri, 1979; Ferri, 1980) . Under these conditions, it seems plausible that the functional significance of the water colIecting behavior be related to the colIection of water from sporadic and brief rainfalIs. Moreover, at the micro-habitat levei, B. moojeni is regular1y found associated with humid zones, 10calIynamed "veredas" (I. Sazima, personal communication; see also Strussman and Sazima, 1993) . Therefore, micro-habitat selection and water colIecting behavior may be acting in tandem, permitting B. moojeni to thrive in an otherwise water restricted macro-environment.
Dehydrated snakes were more prone to display the water colIecting behavior than welI hydrated individuais, indicating that this behavioral act may help the maintenance of the hydration state. Following the water colIecting behavior there was an increase in tongueflick frequency, but this increase did not result in an improved ability to find water. Therefore, it seems that vomerolfaction plays a limited role, if any, in the recognition of water sources. This accords with observations of Meyer (1966) and Bradshaw and Shoemaker (1967) who found that lizards appear to rely on water movement and/or the reflection/refraction of light by water as the main cues to find water sources.
Bothrops moojeni skin, as compared to other reptile species (see Mautz, 1982) presents no significant improvement of the integumental barrier to decrease EWL. Ontogenetically, we found no difference in EWL rate, by unit area (mgH20.cm 2.hr 1), between juvenile and adult B. moojeni, despite the greater susceptibility of smaller snakes to desiccation, evident from their highertotal EWL (% ofbody mass). This observation indicates that: (1) juvenile snakes are more vulnerable to the risks of desiccation, because of their greater surface-to-volume ratio, and (2) that this risk is not overcome by an improvement in skin isolation. Thus, the water collecting behavior and the strict association with humid zones observed in the juveniles of B. moojeni (see Sexton, 1956-57; Sazima, 1992) may counterbalance their greater susceptibility to water 1088. Furthermore, water falling over the juvenile's skin surface seems to coalesce more readily than on adult snakes. The juvenile . skiri covered with small, keeled, and finely imbricated scales probably affords a higher degree of hydrophoby than the skin of the adults, facilitating the formation of water beads and enabling the juvenile snakes to drink more promptly.
